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© The Invention relates to an apparatus for feeding 
granular silicon material which comprises a hopper 
(13) for storing granular silicon material, a feeder 
(15) for feeding the granular silicon material stored in 
the hopper (13), a first guide tube (16) for leading 
granular silicon material fed from the feeder (15), a 
feed tube (19) for feeding granular silicon material, 
which is arranged in a lower portion of the first guide 
tube (16) and movable upward and downward, a 
housing (11) incorporating the hopper (13), the feed- 
er (15) the first guide tube (16) and the feed tube 
(19), a sluice valve (18) for closing an opening of a 
chamber of the apparatus for manufacturing silicon 
single crystals, and a second guide tube (21) which 
is positioned in a portion of the opening of a cham- 
ber (10) and which leads granular silicon material to 
a crucible for melting granular silicon material. 
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APPARATUS FOR FEEDING GRANULAR SILICON MATERIAL 



The present invention relates to an apparatus 
for manufacturing a silicon single crystal by means 
of the "Czochralski pulling technique", and more 
particularly to a method for feeding granular silicon 
into a crucible. 

Apparatus heretofore known for the manufac- 
ture of silicon single crystals by the Czochralski 
method includes apparatus of the type which con- 
tinuously pulls a silicon single crystal while feeding 
granular silicon into a crucible. The silicon single 
crystal Is grown in an inert atmosphere under re- 
duced pressure to avoid incorporation of impurities 
into the molten silicon. Accordingly, an apparatus 
for feeding granular silicon material comprises a 
material storage hopper, a feeder, a guide tube and 
a housing enclosing said hopper, said feeder and 
said guide tube. The granular silicon material is 
stored in the materia! storage hopper. Every pre- 
determined amount of said silicon material dis- 
charged from a lower discharge port of the hopper 
is fed by the feeder to the crucible through the 
guide tube. A Japanese Examined Patent Publica- 
tion No.1 7537/86 discloses an example of the 
aforementioned. 

In the "Czochralski pulling technique" wherein 
the granular silicon material is continuously fed into 
the crucible, when the granular silicon material in 
the hopper has been used up, the hopper is re- 
plenished with granular silicon material. When the 
granular silicon material is charged into the hopper, 
measures should be taken in order that air cannot 
be included into a chamber of an apparatus for 
pulling a silicon single crystal. Accordingly, a sluice 
valve, which can cut off a communication between 
the hopper and the chamber, and which is fit for 
vacuum sealing, Is mounted on a position of the 
housing enclosing the material storage hopper. The 
granular silicon material is charged into the hopper 
after the sluice valve has been closed and the 
pressure inside the housing having the hopper 
therein has been elevated to atmospheric pressure. 

However, when the sluice valve is mounted on 
one position of the housing, the guide tube leading 
the granular silicon to the crucible cannot be ar- 
ranged, passing through the sluice valve. That is, 
the guide tube is divided into two portions before 
and behind the sluice valve. Accordingly, when the 
granular silicon is fed to the crucible, the granular 
silicon freely falls by its weight from the guide tube 
positioned before the sluice valve Into the guide 
tube positioned behind the sluice valve. During the 
fall of the granular silicon, the granular silicon 
strikes the guide tube positioned behind the sluice 
valve, and either bounds or scatters. When the 
granular silicon bounds or scatters, particles of 



silicon attach to the surface of a seat of the sluice 
valve or accumulate thereon. In the case that the 
particles of silicon are attaching to the surface of 
the seat of the sluice valve, when fresh granular 
5 silicon is charged into the hopper, the particles of 
silicon bite into between the seat and the disc of 
the sluice valve although the sluice valve Is closed, 
which lowers the ability of the sluice valve for 
vacuum sealing. In consequence, air is included 
w into the chamber, and the successive growth of 
silicon single crystals cannot be carried out 

It Is an object of the present invention to pro- 
vide an apparatus for feeding granular silicon ma- 
terial, wherein silicon single crystals can be cen- 
ts tinuousiy manufactured for a long period of time. 

To attain the aforementioned object, the 
present invention provides an apparatus for feeding 
granular silicon material comprising: 
a hopper for storing granular silicon material; 
2G a feeder for feeding granular silicon material stored 
in said hopper; 

a first guide tube for leading granular silicon ma- 
terial fed from said feeder; 

a feed tube for feeding granular silicon material, 
as which is arranged in a lower portion of said first 

guide tube and movable upward and downward; 

a housing incorporating the hopper, the feeder, the 

guide tube and the feed tube: 

a sluice valve for closing an opening of a chamber 
30 in the apparatus for manufacturing silicon single 

crystals; and 

a second guide tube which is arranged in the 
opening of the chamber and which leads granular 
silicon material to a crucible for melting granular 
35 silicon material. 

The above objects and other objects and ad- 
vantages of the present invention will become ap- 
parent from the detailed description which follows, 
taken in conjunction with the appended drawings. 
40 Fig.1 is a vertical sectional view illustrating an 
apparatus for feeding granular silicon material of 
the present Invention; and 
Rg.2 Is a schematic illustration showing the 
state such that a feed tube for feeding granular 
46 silicon material is inserted into an opening of a 
rebound-preventive plate arranged in a portion 
of an opening of a chamber. 
In the present invention, every time the manu- 
facturing of a silicon single crystal is attained, the 
so sluice valve fit for vacuum sealing, which is moun- 
ted on at least one position of the housing Incor- 
porating the hopper for storing materials, is closed. 
The pressure Inside the housing Incorporating the 
hopper for storing granular silicon material Is in- 
creased to atmospheric pressure. Subsequently, 
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granular silicon materia! is charged into the hopper. 
When a silicon single crystal is manufactured, the 
sluice vaive is opened, and a feed tube for feeding 
granular silicon material is lowered. The feed tube 
for feeding granular silicon material comes to be in 
the state of passing through the sluice valve. A 
predetermined amount of silicon materia! dis- 
charged from the hopper Is fed by the feeder Into a 
crucible through the feed tube for feeding granular 
silicon material. 

Rg.1 is a vertical sectional view Illustrating the 
apparatus for feeding granular silicon material of 
the present invention. A housing 11 is arranged on 
an opening of the chamber 10 of the apparatus for 
manufacturing silicon single crystals, with the 
sluice valve 18 positioned between the housing 11 
and the opening of the chamber. The inside of the 
housing 11 communicates with the inside of the 
chamber 10. The hopper 13 for storing silicon 
material and the feeder 15 for feeding silicon 
mateiai are arranged inside the housing 11. The 
hopper 13 is held by a hopper bearer. A first guide 
tube 16 and a feed tube 19 for feeding granular 
silicon material are arranged on the upper side of 
the sluice valve 18. The first guide tube 16 is held 
by a guide tube bearer 17. A rebound-preventive 
plate 20 and a second guide tube 21 for leading 
granular silicon material 22 into the crucible are 
arranged in the portion of the opening of the cham- 
ber 10. 

Subsequently, the operation of the apparatus 
will now be described. 

Every time manufacturing of one silicon single 
crystal is attained, the feed tube 19 for feeding 
granular silicon material is lifted from the inside of 
the sluice valve 18 by means of a linkage 23 for 
lifting and lowering a feed tube. The sluice valve 18 
positioned at the lower end of the housing 11 is 
closed. The pressure inside the housing 11 Is ele- 
vated to atmospheric pressure, and a cover 12 of 
the housing 11 which is bolted onto the upper 
portion of the housing 11 is opened. The granular 
silicon material 22 as material for manufacturing 
silicon single crystals is fed Into the hopper 13. 
When particles 22 of silicon attach to the seat of 
the sluice valve 18 during feeding of the granular 
silicon material 22, a vacuum-holing ability of the 
sluice vaive 18 becomes insufficient When the 
vacuum-holding ability of the sluice valve is insuffi- 
cient air Is Included into the chamber 10 for manu- 
facturing silicon single crystals, which makes the 
growth of silicon single crystals impossible. 

When the next silicon single crystal is manu- 
factured after the granular silicon material 22 has 
been charged into the hopper 13, the cover 12 of 
the housing 11 is bolted onto the upper portion of 
the housing 11. Next, air inside the housing 11 is 
substituted for Inert atmosphere of reduced pres- 



sure, and the sluice vaive 18 is opened. 

After the sluice valve 18 has been opened, the 
feed tube 19 for feeding granular silicon material is 
lowered by means of the linkage 23 for lifting and 

s lowring the feed tube and made to pass through 
the sluice valve 18. The lower end of the feed tube 
19 for feeding granular silicon material is inserted 
into the opening of the rebound-preventive plate 20 
arranged in a portion of the opening of the cham- 

to ber 10. Fig.2 is a schematic illustration showing the 
state such that the feed tube 19 for feeding granu- 
lar silicon material is inserted into the opening of 
the rebound-preventive plate arranged in a portion 
of the opening of the chamber 10. The linkage for 

75 lifting and lowering the feed tube has a preder- 
mined stroke. When the sluice valve is closed, the 
lower end of the feed tube for feeding granular 
silicon material is located in a position upper than 
the sluice valve. When the sluice valve is opened, 

20 the lower end of the feed tube for feeding granular 
silicon material is located in a position lower than 
the sluice valve, passing through the sluice valve. 

A silicon single crystal Is manufactured by sup- 
plying a predetermined amount of the granular 

25 silicon material, which corresponds to a pulling 
amount of the silicon single crystal from the hopper 
13 for storing silicon material inside the housing 1 1 , 
into the crucible by the use of the feeder 15 for 
feeding silicon material. The predetermined amount 

30 of granular silicon material 22 fed by means of the 
feeder 15 falls from the feeder 15 into the second 
guide tube 21 through the first guide tube 16 by its 
weight. When the granular silicon material 22 falls, 
some of the granular silicon material 22 strikes a 

as cylindrical portion of the second guide tube 21 and 
rebounds. The rebounded silicon particles can be 
prevented from attaching to the seat of the sluice 
valve 18 by causing the feed tube 19 for feeding 
granular silicon material to pass through the sluice 

40 valve 18 as described above. Accordingly, the 
problem such that the vacuum-holding ability of the 
sluice valve into between the seat and the disk of 
the sluice vaive can be solved. 

Further, inclusion of impurities into the crucible 

45 can be prevented by using silica, silicon or teflon 
for the portion of the first guide tube 16, the sec- 
ond guide tube 21, the feed tube 19 for feeding 
granular silicon material, the rebound-preventive 
plate 20 and the like, which contact the silicon 

so particles. 

As described above, according to the appara- 
tus for feeding granular silicon material of the 
present invention, granular silicon material can be 
recharged into the hopper for storing silicon ma- 
55 terial without inclusion of air into the chamber, 
when the manufacturing of each silicon single cry- 
stal is attained by means of the apparatus for 
manufacturing silicon single crystal. Accordingly, 
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even though the capacity of the hopper corre- 
sponds to around one single crystal grown, a con- 
tinuous operation of the apparatus for a long period 
of time can be carried out. 

Reference signs in the claims are intended for s 
better understanding and shall not limit the scope. 



Claims 

10 

1. An apparatus for feeding granular silicon material 
comprising: 

a hopper (13) for storing granular silicon material; 
a feeder {15) for feeding granular silicon material 
stored in said hopper; and is 
a first guide tube (16) for leading granular silicon 
material fed from said feeder; 
characterized by: 

a feed tube (19) for feeding granular silicon ma- 
terial, which is arranged in a lower portion of said 20 
first guide tube and movable upward and down- 
ward; 

a housing (11) incorporating the hopper, the feeder, 
the guide tube and the feed tube; 
a sluice valve (18) for dosing an opening of a 2s 
chamber of the apparatus for manufacturing silicon 
single crystals; and 

a second guide tube (21) which is positioned in a 
portion of the opening of a chamber (10) and which 
leads granular silicon material to a crucible for 30 
melting granular silicon material. 

2. The apparatus of claim 1, characterized by fur- 
ther comprising a linkage (23) for lifting and lower- 
ing the feed tube for feeding granular silicon ma- 
terial. 36 

3. The apparatus of claim 1 , characterized by fur- 
ther comprising a rebound-preventive plate (20), 
which prevents scattering of the granular silicon 
material rebounded from the second guide tube. 

40 
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